Introduction
C oronary heart disease (CHD) is the leading cause of death in Europe. 1 Socioeconomic inequalities in the morbidity and mortality of cardiovascular disease have been documented for several decades. 2 Potential contributors to the excess CHD mortality among patients with low socioeconomic status (SES) include a greater prevalence of risk factors 3 and lower rates of treatment and secondary prevention. [4] [5] [6] [7] Current guidelines recommend increasing efforts to remove healthcare barriers for low-SES patients. 8 To address these inequalities, the underlying causes must be elucidated.
Access to coronary angiography (CAG) is more strongly associated with SES than access to coronary procedures and secondary prevention, to the disadvantage of low-SES patients. 9 CAG is the reference standard for assessing and confirming a diagnosis of CHD in Germany. Furthermore, studies have found delayed diagnosis among low-SES patients suffering acute myocardial infarction (AMI). [10] [11] [12] Early diagnosis of CHD is important for successfully treating and preventing cardiovascular events. 8, 13, 14 Therefore, a timely diagnosis may be key to reducing socioeconomic differences in CHD treatment and outcomes. However, the diagnostic pathways to diagnosis of CHD are diverse and vary according to disease severity. These pathways range from chance-found symptomless disease, to chronic symptoms causing a resident doctor to seek non-invasive testing, to urgent invasive CAG due to acute myocardial symptoms. 15 Previous international studies analysing the period before CHD diagnosis have shown that low-SES patients more often misinterpret the symptoms of AMI, 16 obtain cardiac testing less often 17, 18 and are less frequently referred from primary care to chest pain clinics compared to high-SES patients. 19 However, these studies cannot explain the reasons for the delayed diagnosis and lower CAG rates in low-SES patients from the patients' perspective, and evidence on the processes that lead to socioeconomic differences in the pathways of CHD diagnosis is scarce. When analysing responses to chest pain, Richards et al. found that low-SES patients tended to normalize their symptoms and therefore did not consult a physician when symptoms occurred. 20 However, that study did not fully capture how symptom awareness, healthcare-seeking behaviour and physicians' decisions interacted and did not account for differences in CHD severity. Examining socioeconomic differences from the patient perspective while considering all possible diagnostic pathways is necessary to understanding why lower SES is associated with higher cardiovascular mortality. Qualitative research can help fulfil this objective by gathering information regarding patients' personal experiences and subjective perspectives. In the present qualitative study, we explored socioeconomic differences in the pathways to a confirmed diagnosis of CHD by CAG.
Methods

Design
We used an exploratory qualitative approach to examine differences according to SES along diagnostic pathways to confirmed CHD. This analysis is part of a qualitative longitudinal study aiming to understand the socioeconomic inequalities present at different stages of healthcare for CHD. 21 The Ethical Review Committee of the Medical Faculty of Martin Luther University, Halle-Wittenberg, approved this study. The study was registered with the German Clinical Trials Register (DRKS00007839).
Data collection
We used a purposive sampling strategy to select patients hospitalized with an ICD code of CHD as their primary or secondary diagnosis at the University Hospital in Halle (Saale), Germany. Detailed information on the data collection methods and the German healthcare system is provided in the Supplementary file. Between November 2014 and April 2015, a study nurse contacted eligible patients aged 59-80 years and asked them to participate in an interview to share their experiences with CHD treatment. Patients were enrolled in the study after providing written informed consent until theoretical saturation was reached. In total, 48 face-to-face interviews were conducted in the hospital; each interview had only the patient and one or two interviewers present.
The interviews lasted 35 min on average and were audiotaped with the interviewee's permission. Using a semi-structured interview guide, we asked the participants to describe the medical history of their heart disease, starting with the first symptoms. We subsequently obtained the patients' basic sociodemographic data using a short, standardized questionnaire and the interviewer wrote a field note for each interview. We defined SES by education level and occupation using German epidemiological standards. 22 
Analysis
After we conducted the interviews, a transcription agency transcribed the recordings verbatim, using pseudonyms to protect personal data. We used MAXQDA software for data management and analyses. SLS performed the analysis, and five transcripts were double-coded by two additional members of the research team. We analysed the transcripts of 38 patients who provided a detailed description of their pathway to CHD diagnosis. We identified all sections of the patients' narratives that were associated with the period prior to CAG-confirmed CHD diagnosis and analysed them in accordance with inductive qualitative content analysis. 23 We identified socioeconomic differences by comparing and contrasting the patients' narratives. The consolidation criteria for reporting qualitative research (COREQ) were also taken into account to ensure high-quality results. 24 
Results
Participants
The characteristics of the 38 patients enrolled in this study are shown in table 1. The mean age was 69.7 years, and the study population comprised 15 (39%) women and 23 (61%) men. The low-SES group comprised 22 (58%) patients, and the high-SES group comprised 16 (42%) patients. Nineteen patients (50%) were diagnosed with CHD within the year prior to the interview, and 19 patients had been diagnosed for longer than 1 year ago (up to 26 years).
Pathways to diagnosis and symptom interpretation
In general, the patients first provided a retrospective account of their perceived symptoms, their interpretations of the symptoms, how they initially became active in seeking healthcare (pre-presentation period) and their experiences with healthcare encounters (post-presentation period). Figure 1 shows a model of the pathways to diagnosis identified from the patients' narratives. The symptoms described by the patients were divided into long-term chronic and acute symptoms according to the patients' perceptions. The patients provided retrospective information on factors that influenced their symptom interpretation. Using this information, we constructed the following four categories, which are presented in detail with example quotations in table 2: expectations, normalization, relief and obtaining help from third parties, such as family. Symptom normalization was reported most often, with many patients considering their symptoms too minor to warrant seeking healthcare or not attributing their symptoms to the heart. Some patients reported procrastinating in receiving referrals to a cardiologist or for CAG after their physicians had indicated their need for a diagnostic procedure, as presented in table 3.
The patients eventually actively sought healthcare, experiencing either urgent or elective encounters with the healthcare system depending on whether CAG was conducted immediately (in the case of an emergency) or by appointment through a referral. Most patients who underwent urgent CAG suffered from AMI; these SES, socioeconomic status; CHD, Coronary heart disease. Figure 1 Model showing the pathways to diagnosis of coronary heart disease patients reported being transferred to the hospital either through activating the emergency response system themselves or after consulting their general practitioner (GP). Alternatively, some patients went directly to the emergency department. The patients following the urgent pathway to diagnosis reported on the physician's correct assessment of the urgency of their symptoms, the rapid arrival of emergency physicians, the efficiency of the ambulance in transporting them to a hospital and the waiting times in the emergency room or for CAG, indicating that receiving treatment quickly was important to them. All the patients who underwent elective CAG were diagnosed with CHD without AMI. They sought healthcare by informing their GP of their symptoms. This elective pathway proceeded in stages, as patients obtained either a referral to the hospital or to a cardiologist, Being active in sports with no symptoms 'Therefore, I didn't notice anything. I used to play soccer and played a lot of sports'. (Mr Beck, 66 years, low SES) Previous negative heart examinations 'I regularly went to the ECG, and he used to say [that] 'My heart couldn't be better''. (Mrs Schneider, 76 years, low SES) Not attributing symptoms to the heart 'Well, it's not a stabbing pain in the heart. I always thought it came from the lung instead'. (Mr Richter, 66 years, high SES) Symptoms too minor 'I've been having this for quite a while. But you always think it's nothing, right?' (Mrs Neumann, 60 years, high SES) Symptoms not always present 'It wasn't permanent, the discomfort, so I didn't really take it seriously'. (Mrs Peters, 61 years, low SES) Confusion because symptoms occurred unexpectedly 'I'd never had any heart problems before, no, nothing. Thus, it was totally unexpected. And that's why I reacted in what was surely the wrong way, as I didn't take it seriously at all'. (Mr Schulz, 68 years, high SES) It is normal for the heart to worsen with age 'Bicycle ergometer examination; I passed it indeed with some effort, but with pain (. . .). It was probably satisfactory for an ageappropriate healthy person or something like that, yes'. who then catheterized them or referred them to a hospital after they had undergone other diagnostic procedures. Timely cardiology or CAG appointments proved important for patients on the elective pathway.
Socioeconomic differences in the pathways to diagnosis of CHD
In the pre-presentation period, low-and high-SES patients reported having similar symptoms. However, there were differences regarding symptom interpretation. Some patients, all with low SES, described having chronic symptoms, such as chest pain or shortness of breath with exertion, that remained unaddressed for a long time. These patients waited to seek healthcare until their symptoms became serious and were thus diagnosed urgently with AMI. They shared several common traits in symptom interpretation: they did not attribute their symptoms to the heart, they used methods to relieve symptoms and they obtained help from third parties with symptom interpretation. Receiving treatment quickly was less relevant throughout these narratives.
'At the beginning, I had probably a little chest pain. However, I ignored it, 'cause at night I always got rid of it when I took one tablet. And this one night, it did not want to stop, and then my wife drove me to the emergency department'. (Mr Lange, 60 years, low SES)
Another behaviour noted by some patients, mainly those with low SES, was procrastination in receiving a referral after a physician indicated the need for diagnostic procedures. These patients actively delayed to undergo diagnostic testing, especially invasive CAG, despite knowing that they were at risk of CHD and cardiovascular events. The reasons noted by the patients for this refusal were that they took other items more seriously than diagnostic tests, ignored warning signs mentioned by a physician, would not see a physician until symptoms become serious and would not treat everything with age. After physicians and third parties strongly urged these patients to agree to a referral, they consented.
'Each time the anaesthetist said to me, 'Well, you have to know. You have to go to a cardiologist. There is something wrong.' Well, 'I have always had that/I thought, I'm fine with it'. (Mrs Peters, 61 years, low SES)
In the post-presentation period, after the patients took action and sought healthcare, there were no relevant differences in the urgent pathway to diagnosis according to SES, i.e. patients from both groups reported that they either directly activated the emergency response system or contacted a GP as the first step on the pathway. However, along the elective pathway, a few patients stated having difficulty in obtaining a timely appointment with a cardiologist. Some patients described receiving assistance from their GP to schedule an appointment and stated that appointments were made much more quickly with the help of a GP than on their own. These aspects concerning difficulties with the scheduling of cardiologist appointments were mentioned only by low-SES patients.
'That was rather poor, [ By contrast, although experienced by only a few patients, a misdiagnosis from a GP when seeking help with chronic symptoms was reported only by high-SES patients.
'Well, we always assumed that I had something wrong with my back, but then she did an ECG, my general practitioner. Nothing was observable. She said, 'then it's the back, tension'. She prescribed me a massage, and that night, I was in real severe pain, right? And that was not bearable. [. . .] And then I called the ambulance'. (Mrs Neumann, 60 years, high SES).
In addition, chance-found CHD during a check-up prior to a cardiovascular intervention or perioperatively was rarely mentioned, but only by high-SES patients. These patients stated that they had experienced no symptoms related to CHD.
'Previously, when the catheter examination was conducted, they found that there were two problem areas where I had stents implanted. (. . .) That is how it was detected. 'Cause I actually hadn't had any problems with regard to this'. (Mr Hoffmann, 72 years, high SES).
Instead, these patients had suffered from another heart disease or peripheral arterial disease before being diagnosed with CHD. We found that patients who had been diagnosed preoperatively had attended regular check-ups with a cardiologist, whereas patients who had been diagnosed perioperatively had not, although they had undergone preoperative screening with no findings.
Discussion
Our study is among the first to analyse socioeconomic differences in the pathways to diagnosis of CHD. First, only low-SES patients ignored chronic symptoms until they had experienced AMI, or they procrastinated in undergoing diagnostic procedures. Second, after patients sought healthcare, we found no differences in the urgent pathway, but along the elective pathway, only low-SES patients received help obtaining a timely appointment with a cardiologist. Finally, only high-SES patients reported misdiagnosis by their GP or diagnosis of CHD by chance.
Interpretation of the findings
The fact that all patients reported interpreting their symptoms based on expectations, symptom relief, symptom normalization or thirdparty input may imply knowledge deficits and problems regarding the interpretation of CHD symptoms. Low-SES patients particularly showed problems with interpreting chronic symptoms, mainly by not attributing their symptoms to the heart, as well as with symptom relief and the need for third-party confirmation. As only low-SES patients reported ignoring chronic symptoms until they had suffered an AMI, we assume that they had greater uncertainty when interpreting chronic symptoms than high-SES patients and therefore received delayed diagnoses. This finding is supported by studies indicating that misinterpretation of AMI symptoms is associated with low SES, 16 as well as previous results showing that low-SES patients tend to feel confusion regarding chest pain symptoms and therefore do not visit a physician to discuss their symptoms. 20, 25 By contrast, other studies have found that low-SES patients with chest pain are more likely to immediately seek care. 26, 27 Additionally, we found that merely low-SES patients procrastinated in receiving diagnostic testing, indicating that low-SES patients took CHD less seriously than high-SES patients due to lack of knowledge about the disease. This assumption agrees with a prior study showing that a lack of knowledge and understanding of CHD is a barrier to the participation of low-SES patients in primary prevention programs. 28 After seeking healthcare and visiting a physician, socioeconomic differences became more relevant for patients with chronic CHD symptoms following the elective pathway than for those following the urgent pathway. Low-SES patients reported problems in scheduling an appointment with a cardiologist; however, they also reported receiving help from their GP in appointment scheduling. We assume that the emergency system is more standardized, and thus, both patients and healthcare providers have greater knowledge in how to proceed. Therefore, socioeconomic differences might be less pronounced among those following the urgent pathway. By contrast, to follow the elective pathway, it is necessary for a patient to be able to take effective measures and orient themselves in the healthcare system; likewise, the provider must correctly interpret the patient's symptoms and coordinate the patient's pathway. This finding is supported by studies showing that SES is associated with time from symptom onset to arrival at the hospital, but not with inhospital delay for AMI patients. 29 Further support is provided by studies showing that socioeconomic differences exist in CAG rates among angina patients, but not among AMI patients. 30 Based on the above, GPs might have greater relevance for low-SES patients in terms of with chronic symptoms: gaining access to specialized healthcare with chronic symptoms. Low-SES patients are known to use GP services more frequently and outpatient specialists less frequently than high-SES patients, 31, 32 and countries with easy access to GPs have been shown to have reduced inequality in terms of unmet healthcare needs. 33 In the present study, we found that misdiagnosis of CHD and chance-found symptomless CHD occurred only in high-SES patients. An intuitive interpretation of this finding is that GPs might misinterpret chronic symptoms in high-SES patients because they are at a lower risk of having CHD. Another study found that assessment of a patient's risk factors was relevant for physicians when deciding whether a patient presenting with symptoms was suffering from CHD. 34 
Limitations
The present study provides important insights into the socioeconomic differences that exist in the pathways to diagnosis of CHD from the patient's perspective. However, our study had several limitations. As this was a qualitative study, the results are not broadly representative of patients with CHD. However, we did provide a detailed picture of the pathways to CHD diagnosis from the perspective of older patients in Germany. Additionally, all patients with CHD were included regardless of how long they had been diagnosed. Therefore, the narratives regarding the pathways of the patients who had been diagnosed years earlier may be missing details and could be subject to memory bias. Finally, we recruited patients in a hospital setting and included only patients with CHD confirmed by CAG, who had already accessed the healthcare system. Therefore, the population was limited to more severe forms of stable or chronic CHD. Although we accounted for differences in CHD severity and different diagnostic pathways to CAG in this study, especially patients with undetected or suspected less severe CHD not requiring the conduction of a CAG might have other experiences.
Implications for public health policy
To address socioeconomic differences in the pathways to CHD diagnosis, especially access to diagnostic CAG, it is important to improve patients' knowledge of chronic CHD, particularly its symptoms and the importance of responding to these symptoms as soon as possible. Second, understanding how patients interpret CHD symptoms based on symptom normalization, expectations, symptom relief and third-party input can help physicians better identify patients at risk of CHD. Third, GPs can play an important role in reducing socioeconomic differences by focusing on any indication of CHD symptoms mentioned by patients, emphasizing the seriousness of CHD, and engaging patients as coordinators and 'gatekeepers', with the goal of organizing their patients' pathways. Additional research regarding the reasons underlying why socioeconomic differences lead to inequalities in the receipt of diagnostic procedures and in diagnostic delays is needed to improve the outcomes of patients with CHD.
Conclusion
This study aimed to explore socioeconomic differences that exist in the pathways to diagnosis of CHD. We found that socioeconomic inequalities were more pronounced in the elective pathway, which involved less severe symptoms, than the urgent pathway, which involved acute symptoms. These differences were mainly linked to patients' interpretations of their symptoms. Low-SES patients may be diagnosed at a later stage of CHD than high-SES patients because of their greater uncertainty in interpreting their chronic symptoms and their increased need for help in gaining access to a cardiologist. We suggest that highlighting the relevance of chronic CHD, improving knowledge of symptoms and strengthening primary care to attain a GP-centred system are the keys to reducing socioeconomic differences in the pathways to CHD diagnosis.
